Global fresh water resources are under increasing pressure from rapidly growing demands and changing climatic conditions. Wastewater reclamation is becoming an important alternative for sustainable water resources management and building climate change resiliency in many regions around the world. Public acceptance and trust of consumers in the quality of reclaimed water is considered by many to be the most important factor determining the outcomes of water reclamation projects. Knowledge of the urban water cycle and water reuse perceptions of student, faculty and staff at Western University were investigated. Results showed that members of the university community are more likely to accept reclaimed wastewater for applications that do not involve drinking or close personal contact. Knowledge of the urban water cycle and water resources in Canada is modest among the university community with a moderate (G ¼ 0.303, p < 0.05) positive relationship between 'water knowledge' and 'close contact acceptability'. The majority of the university community (75.8%) thinks that reclaiming water to provide an alternate source of water in southwestern Ontario is a good idea, but there are still concerns about the presence of chemicals such as pharmaceuticals from reclaimed water and the long-term effects on human health from exposure to these contaminants.
INTRODUCTION
Achieving sustainable water resources management around the globe is a complex task, with unique challenges to every specific region. These challenges include physical water scarcity, economic water scarcity, water quality degradation, and socio-political circumstances among others. Fresh water only constitutes 3% of the total amount of water on the planet and out of this 3%, 99% is locked up in icebergs, glaciers, and underground (Brooymans ) . Global water resources are already under increasing pressure from rapidly growing demands for agriculture, production of energy, industrial uses, and human consumption. In addition, global climate change is expected to exacerbate current and future stresses on water resources from population growth and land use, and increase the frequency and severity of droughts and floods (UNESCO ).
Reducing water consumption through water conservation strategies and technological advances and searching for new water sources are the main forms of reducing the pressure that results from physical water scarcity. New water sources may include the recovery of rain and stormwater runoff, desalination of seawater or brackish groundwater, on-site gray water reuse, and the reclamation of municipal wastewater effluents (NRC ). Wastewater reclamation is becoming an increasingly important alternative for achieving sustainable water resources management in many regions of the world. It is the process of treating The main factors driving water reclamation projects around the world have been identified to include lack of water availability, high levels of local water demand, the need for reliable sources of water, the protection of aquatic environments and stringent restrictions on effluent disposal (Exall et al. ; Jimenez & Asano ) . The highest levels of wastewater reclamation take place in regions suffering from water scarcity, such as in the Middle East, Australia, the Mediterranean and the south western USA (Exall et al. ) . Agriculture is by far the most important reuse option in terms of volume, basically because it accounts for 70% of total water withdrawals for all sectors/human uses (UNESCO ). Municipal wastewater reclamation in Canada has been generally conducted on a small scale or experimental basis, mainly for golf course, urban landscape, and agricultural irrigation. Industrial wastewater recycling is a more common practice, where approximately 40% of the total water usage is recycled (Exall et al. ) . National guidelines for wastewater reuse are limited to the use of domestic reclaimed water for use in toilet and urinal flushing (HC ). In addition, some guidelines and/or regulations for wastewater reclamation have been developed at the provincial level by British Columbia, Alberta, Saskatchewan, Manitoba, and Prince Edward Island (CMHC ). The lack of interest and legislated support for water reclamation in Canada may be driven by the general belief that Canada is a water-rich country and its inhabitants do not need to worry about water shortages. However, although Canada has 20% of the world's total fresh water resources, only 7% is renewable. Furthermore, 60% of this renewable water supply flows north to the Arctic Circle, making it unavailable for the majority of Canadians that resides along its border with the USA (Environment Canada ). Fresh water in Canada is not an unlimited resource and is already under pressure in some areas of the country due to population growth, changing climatic conditions, and excessive extraction by agriculture and industry.
Public acceptance and trust of consumers in the quality of reclaimed water is considered by many to be the most important factor determining the outcomes of water reclamation projects. A major psychological barrier to using reclaimed wastewater is its association with raw sewage, which creates discomfort in the majority of people. For this reason, wastewater reclamation advocates prefer to use the term 're-purified water' instead (Po et al. ) . A study by the Water Reuse Foundation in which 2,695 people were surveyed in five US cities, some of which are experiencing fresh water shortages, showed that reclaimed wastewater is less likely to be rejected if it has been certified as safe by scientists, has been highly processed, and/or has been in contact with natural systems such as aquifers and rivers for some time (Haddad et al. ) . In addition, several studies (Table 1) conducted during the last decade have shown a higher degree of public acceptance of reclaimed water applications that do not involve close personal contact (such as industrial uses, lawn irrigation, firefighting, car washing, and agricultural uses). The use of reclaimed water for applications involving drinking or close personal contact, where there is risk of human ingestion, is less acceptable. Only one study in water reuse perceptions has been previously undertaken in Canada, which was commissioned by the Lake Simcoe Region Conservation in Ontario.
The goal of the present research is to study the per-applications. This survey is part of a broader research project investigating the potential for wastewater reclamation and purification in a high water demand region, such as southwestern Ontario.
STUDY SITE
Western University (formerly The University of Western Ontario), located in London, Ontario, has a community of over 30,000 people: 21,801 undergrad students, 4,770 graduate students, 2,461 full-time staff, and 1,408 faculty members (UWO ). The City of London is located in southwestern Ontario and has a population of 366,151 (2011 census) .
Potable water in the City of London is primarily extracted from two sources: Lake Huron and Lake Erie (see Figure 1 ).
In addition, a network of seven groundwater wells from an unconfined overburden sand aquifer and a confined over- Mancl ) where graduate and older students were more likely to respond. Therefore, post-stratification weights were applied to the survey results to make the responses more representative of the university population in terms of occupation. Table 3 shows the proportion of respondents and the university community demographics in terms of occupation, and the post-stratification weights applied to the data.
Tests of independence between 'occupation' (Undergraduate, Graduate, Staff, and Faculty) and the rest of the survey questions were performed using the chi square test.
Whenever there were cells with an expected count less than 5, Fisher's exact test was used. If the null hypothesis was rejected (p < 0.05), the strength of association was measured by Cramer's V coefficient. The tests' independence showed that answers to the majority of the 
The reclaimed water only includes stormwater (rain and snowmelt) (b) The reclaimed water only includes stormwater and gray water (laundry, dishwashing, and bathing). It does not include toilet flushing (c) After the treated wastewater leaves the treatment plant, the water percolates through the soil into the underground aquifer where it mixes with the 'natural' aquifer water. After a period of 6 months the water is pumped back and re-treated for human consumption (d) After the treated wastewater leaves the treatment plant, the water is pumped into a lake where it mixes with the 'natural' lake water. After a period of 6 months the water is pumped back and re-treated for human consumption (e) After the treated wastewater leaves the treatment plant, the water is pumped into a river where it mixes with 'natural' river water. After the water travels for 10 km, it is pumped back and re-treated for human consumption (continued) water reclamation initiatives as long as it is safe for humans. (c) Natural water from lakes, rivers and aquifers are of higher quality than reclaimed water from the treatment plant. (d) It is important that the reclaimed water goes back into the natural environment before it is reused. (e) There is much scientific/technological uncertainty regarding the removal of chemicals such as pharmaceuticals from reclaimed water and the long-term effects on human health from exposure to these contaminants are not known. (f) As long as reclaimed water is cheaper than other sources of water, I would support water reclamation initiatives as long as it is safe for humans.
Do you have any comments regarding water reclamation?
(a) Open-ended question show a summary of the responses to section 2 of the survey. 21.6% was unsure about it and 2.5% thought it was not a good idea. Question 10, asked about the acceptability of specific uses for reclaimed wastewater. Responses show that the closer the reclaimed wastewater is to human contact or ingestion, the lower is its acceptability. Table 5 summarizes the responses to question 10.
Responses to question 11, which was concerned with trustworthy sources of information about the safety of reclaimed wastewater, show that the university community considers university professors and the regional health unit to have the highest level of trustworthiness among the given options. The internet and the media were considered the less trustworthy sources of information. Table 6 summarizes the responses to question 11.
Question 12, which considers changes in the level of acceptability of reclaimed wastewater under different scenarios, shows that acceptability considerably increases if the reclaimed water only includes stormwater and/or gray water.
If 'high increase' and 'slight increase' are combined, the increment of acceptability of the proposed scenarios would rank as (highest to lowest): (1) the reclaimed water only includes stormwater;
(2) the reclaimed water only includes stormwater and gray water; (3) the reclaimed water is used for aquifer recharge before use; (4) the reclaimed water is mixed with natural lake water before use; and (5) the reclaimed water is mixed with natural river water before use. Table 7 summarizes the responses to question 12.
Question 13 asked the participants if they agree or disagree with a group of statements regarding wastewater reclamation. The statement with the highest level of agreement (90.8%) by the university community was 'if the benefits to the environment are extensive, they would support water reclamation initiatives as long as it is safe for humans'. The statement with the lowest level of agreement (25.5%) by the university community was 'Natural water from lakes, rivers and aquifers are of higher quality than reclaimed water from the treatment plant'. (c) After the treated wastewater leaves the treatment plant, the water percolates through the soil into the underground aquifer where it mixes with the 'natural' aquifer water. After a period of 6 months the water is pumped back and re-treated for human consumption. (d) After the treated wastewater leaves the treatment plant, the water is pumped into a lake where it mixes with the 'natural' lake water. After a period of 6 months the water is pumped back and re-treated for human consumption.
(e) After the treated wastewater leaves the treatment plant, the water is pumped to a river where it mixes with 'natural' river water. After the water travels for 10 km, it is pumped back and re-treated for human consumption. The staff at the water treatment facility 32.3 55.6 9.1 3.0
The regional health unit 61.6 33.5 2.0 2.9
A qualified university professor 64.0 31.9 2.3 1.9 Respondent #18: I support use of water reclamation, but am absolutely puzzled that there is not an irrigation water system. I am baffled that we use potable water to water a lawn.
Respondent #22: As long as water is treated for human consumption, I don't care where it comes from. So-called 'natural water' is not used without treatment (to remove run-off, sediments, fish feces, dead insects, or whatever) so I don't care about re-used/reclaimed water either.
Unlike many of my contemporaries, I am not squeamish about these things and don't feel the need to live in an antiseptic, plastic bubble.
Respondent #40: Water reclamation is a great idea. Most people don't understand a lot of times it's cleaner than the stuff coming out of their taps. It's a psychological thingwe need a fairly significant paradigm shift before it will become publicly acceptable.
Respondent #60: I noted that reclaimed water wasn't acceptable for golf course or landscape irrigation because I think these are unnecessary. I don't think *any* water should be used for these.
Respondent #91: Initiatives taken on campus regarding use of reclaimed water are a positive step forward. Respondent #175: From a financial perspective, the ROI must make it feasible (at least break even). Would probably be easier to sell to the public if they didn't know the detailsjust say it's tested, safe, and the same as natural water. (a) As long as reclaimed water in a drinking water supply is safe, I would rather not know the details.
(b) If the benefits to the environment are extensive, I would support water reclamation initiatives as long as it is safe for humans.
(c) Natural water from lakes, rivers and aquifers are of higher quality than reclaimed water from the treatment plant.
(d) It is important that the reclaimed water goes back into the natural environment before it is reused.
(e) There is much scientific/technological uncertainty regarding the removal of chemicals such as pharmaceuticals from reclaimed water and the long-term effects on human health from exposure to these contaminants are not known.
(f) As long as reclaimed water is cheaper than other sources of water, I would support water reclamation initiatives as long as it is safe for humans. water is scarce is not a wise use of it. Therefore I support the idea of water reclamation as a way to improve the efficiency of water use and to protect wet ecosystems.
DISCUSSION
Only 24% of the respondents correctly answered that the average daily domestic water usage by Canadians is approximately twice the global average. Therefore, it can be concluded that accurate knowledge of domestic water consumption among the university community is low.
However, since only 9% of the respondents believe domestic water usage by Canadians is about the same as the world average, it can be deduced that the majority of the university community believes that water usage in Canada is excessive University faculty are more familiar with the terms 'potable water' and 'non-potable water' than students and staff. Furthermore, graduate students are more familiar with these terms than undergraduate students and university staff. Familiarity with the remaining terms specified in question 8, which are not significantly dependent on the occupation of the respondents, was higher for the terms 'wastewater' (80.5%) 'stormwater' (78.5%), and 'recycle water' (68.1%).
Subsequently, the six questions of part 2 of the survey were recoded, computed and collapsed into a single ordinal Table 9 shows the percentage of respondents from the university community that falls in each category. Figure 15 shows a histogram of these results. Table 10 shows the percentage of respondents from the university community that falls in each category. Figure 16 shows a histogram of these results.
Results
The strength and direction of the relationship between these two collapsed ordinal variables (knowledge and acceptability) was measured by the Goodman and Kruskal's Gamma method. Table 11 shows the cross tabulation results between the variables 'water knowledge' and 'close contact acceptability'. The results from the Gamma test reject the null hypothesis (p < 0.05) and show that there is a moderate (0.303) positive relationship between 'water knowledge' and 'close contact acceptability' (see Table 12 ).
Responses to question 11 show that the university community has a high degree of trust in qualified university professors and the regional health unit when it comes to information on the safety of reclaimed water. Moderate level of trust was observed on the federal, provincial, and local government, as well as on private consultants and staff at the water treatment facility. Low degree of trust was observed regarding the media and the internet. High trust in the regional health unit may be due to its focus on public health issues. High trust in university professors may be due to the perception that research universities are more likely to consider issues and uncertainties, Responses to question 12 show that acceptability increases substantially when the source of reclaimed water is perceived as cleaner than municipal wastewater, such as stormwater and gray water. The highest increase of acceptability was observed for stormwater (41.5%), followed by a combination of stormwater and gray water (19.3%). In addition, acceptability of reclaimed wastewater increased when it is put back into natural systems before use. The highest increase of acceptability was observed when treated wastewater is allowed to percolate into an aquifer (27%), followed by lake augmentation (15.3%), and discharge into a river (11.4%).
Responses to question 13 show high agreement by the university community regarding two of the statements. First, 90.9% of the university community agree that they would support water reclamation initiatives if the benefits to the environment are extensive and it is safe for humans. If we compare this to question 9, in which only 75.8% of respondents considered water reclamation initiatives to be a good idea, we can infer that support increases if the safety to humans and benefits to the environment are clearly known. Second, 60% of the university agrees that there is much scientific/technological uncertainty regarding the removal of chemicals such as pharmaceuticals from reclaimed water and the long-term effects on human health from exposure to these contaminants are not known. This highlights the importance of this type of research at post-secondary institutions.
CONCLUSIONS
The university community at Western University, London, Ontario, Canada is more likely to accept reclaimed wastewater for applications that do not involve drinking or close personal contact. However, acceptability for applications involving drinking or close personal contact improves when benefits to the environment are extensive, it is safe for humans, the source of reclaimed water is perceived as cleaner than municipal wastewater, and the reclaimed wastewater is put back into natural systems with long retention times, such as aquifers.
Western University professors and the regional health unit are considered the most trustworthy sources of information regarding the safety of reclaimed water by the university community. Knowledge of the urban water cycle and water resources in Canada is moderate among the university community and the Gamma measure of association shows that there is a moderate (0.303) positive relationship between 'water knowledge' and 'close contact acceptability'. The majority of the university community (75.8%) thinks that reclaiming water to provide an alternate source of water in southwestern Ontario is a good idea, but there are still concerns regarding the presence of chemicals such as pharmaceuticals from reclaimed water and the long-term effects on human health from exposure to these contaminants.
Wastewater reclamation is becoming an important alternative for sustainable water resources management not only in regions experiencing water scarcity, but also in places that do not have scarcity issues, such as southwestern Ontario, as a way to become resilient to changing climatic conditions and long-term sustainability of fresh water resources.
